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PREFACE 



This report does nor present new research in the field of acoustics, nor 
does it propose a specific solution or "cure-ail" for acoustics in school 
planning. 



Rather it is an attempt to gather and organize information regarding 
acoustics in schools, as planning guidance for planner and admini- 
strator . Hopefully the report will be useful at various stages in school 
planning by virtue of what it says and how well it says it. If it com- 
municates a few basic principles for good acoustics, and if those who 
shape our educational facilities respond appropriately, schools which 
provide better acoustical environments for learning should be achieved. 
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THE CONCERN 



Planning and building a school is a complex operation. Many people 
and groups of people participate in the intritate process of determining 
the need, developing a program, planning the structure, supervising 
the construction and paying for the finished product. At all stages many 
considerations compete for the attention of owner and architect. This 
publication, devoted to the consideration of acoustics in school plan- 
ning, does not demand that this particular consideration be favored 
above all others; it simply asks that acoustics be given appropriate 
consideration at each stage together with other design considerations. 



To accomplish this goal, two attitudes are necessaiy: 

First, acoustics must be thought of as more than “removal of noise". 
There must be a recognition that wanted and unwanted sounds are 
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involved, the former to be protected and reinforced and the latter to be 
supressed or diverted. 




acouitlci 06 a coyn^de/icvtlon 



Second, the concept of acoustics as an "after-the-fact" curative for 
sound problems should be replaced by inclusion of acoustical considera- 
tions at every level of architectural design. 



A consideration of acoustics throughout the design procedure should be 
integrated with other aspects of the architectural process. However, as 
with structural design, lighting and mechanical equipment, the archi- 
tect cannot be expected to display technical expertise in all phases 
of acoustical design. He should be sufficiently knowledgeable to be 
able to: 



• understand basic principles 

• perform basic analytic measurements 

• identify problems which demand greater technical skill 



Architects and administrators need not achieve the same level of acous- 
tical competency. The architect's skill should include a design and 
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analysis capability, while the administrator's familiarity with the sub- 
ject will be more limited. In any case, both should be sufficiently 
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familiar with basic principles so that together they can intelligently 
evaluate proposed designs or problem correctives, and can articulately 
exchange ideas in a discussion of acoustics. 



In the area of analysis, it is obviously important for the architect to be 
able to measure and evaluate proposed designs in terms of their acous- 
tical performance. He should also be able to do the same with exist- 
ing facilities. Of equal importance, he should be well aware of the 
point at which the complexity of the proposed design or existing situa- 
tion calls for the help of professional acoustical consultants. 



The identification of problems which demand higher levels of technical 
skill is an important one. Acoustical consultants will agree there are 
many straight-forward design situations that can be accomplished with 
standard procedures; there are, however, cases in planning schools 
which demand sophisticated analysis and the benefit of great knowledge. 
Architects should understand the special demands of such acoustical 
problems, and the need to employ and compensate expert advice. 
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THE APPROACH 



In order to accomplish the dual task of, first, considering acoustics for 
schools at several levels of complexity and, second, relating this to 
appropriate people and competencies, the material that follows has a 
specific organization. 



Part 1, “Basic Principles”, provides a brief review of acoustical 
terminology and principles. This part should be of general interest 
to administrators and thoroughly understood by architects. 

Part 2 and Part 3, "Acoustics and Architectural Programming" and 
"Acoustics and School Planning" relate acoustics to development of the 
building program and subsequent steps in planning. These sections are 
intended to reinforce the concept that acoustical planning is a contin- 
uous process including site selection and building programming, as well 
as building planning and facilities design. Here the school administrator 
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and architect work together and both have a major responsibility to be 
well-informed. 



Part 4 and Part 5 , "Acoustics and Facilities Design" and "Acoustics 
and Noise Control", are directed primarily to the architect in order to 
give him some specific help in designing facilities, correcting problems, 
and dealing with other matters of a specific nature. 



Because a guide covering all available knowledge of all aspects of 
acoustics for schools would be far too voluminous and complex for the 
uses mentioned above, numerous references are provided at the end. 
For any topic which is covered rather generally, the reader can pursue 
the related references for an "in-depth" study. 
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BASIC PRINCIPLES 

• THE NATURE OF SOUND 

• the MEASUREMENT OF SOUND 

• OTHER CHARACTERISTICS OF SOUND 



• THE NATURE OF SOUND 



The key to an understanding of acoustics and acoustical control lies in 
a firm grasp of the fact that sound is a form of energy and that acoustical 
design is the manipulation of this energy. Energy is required to produce 
a sound wave: the energy in a teacher's voice sets the air in the class- 
room in vibration and the electrical energy in a magnetic coil causes the 
diaphragm of an auditorium loudspeaker to vibrate, in turn energizing 
the air. 




^ound 40UAce6 - maw-wade mid mcchmUcal 
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Thus rapid fluctuations are created In the air, and, because of the 
elasticity and mass of the body of air, a succession of waves travels 
outward from the sound source. A listener In the path of this wave train 
will gather a portion of the energy through the trumpet- 1 Ike formation 
of the outer ear. This energy then causes a vibration of the ear drum, a 
transmission through the mechanisms of the Inner ear, and finally, a 
pattern of nerve Impulses which register In the brain as sound. 




wanted ^ound unwanted -iound 



Any vibration can act as a source for a sound wave. Deliberate genera- 
tion of sound occurs In the voice or loud-speaker diaphragm previously 
mentioned - or In the vibrating string of the violin, the vibrating air 
columns of a trumpet or an organ pipe, the movement of a drum head, 
and other similar devices. Sound waves are also an unwanted by- 
product of a rotating fan, a refrigerator motor, a riveting gun, a gaso- 
line engine, the Impact sounds of a hammer, or the knobs on snow tires. 
In all cases, there Is a quick and usually periodic distortion of the ad- 
jacent and elastic air and the setting up of a radiating series of waves 
which produce the sensation of sound. 

For purposes of discussion one can, therefore, talk about unwanted and 
wanted sound. In the first case, the term noise Is used In the sense of 
uni{/anted sound; In the second, the problem Is that of distributing sound 
Intended to be heard In such a way that It Is clearly audible and of good 
quality. In the first, the problem Is that of suppressing sound energy at 
Its source or providing a barrier to transmission somewhere along Its path. 
In the second, the problem Is one of conserving available sound energy 
and distributing It without undesirable distortion and at an adequOte 
energy level. Later discussions of facilities design elaborate on these 

points. 
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• THE MEASUREMENT OF SOUND 



Two basic characteristics of sound are frequency and the flow of sound 
energy/ or sound power. 



The flow of sound energy is not unlike the flow of light or the flow o 
electrical energy through the cross-section of a wife. It can be 
measured in the electrical power unit of the watt by defining a cross- 
section through which the sound energy flows; this gives the sound power 
unit or intensity, in terms of watts per square centimeter. 



The vibratory or wave nature ' sound sources and sound transmission is ^ 
measured in terms of frequency - the number of 

per second. The subjective reaction to frequency is pitch M^dle C 
on the piano has a frequency of 256 cycles per second^ps): tte 
reference tone for musical groups has a frequency of 440 cps. Upper an 
lower limits of audible sound are 20 cps and 20,000 ‘j®™' 

ture commonly uses "Hz" to designate "cycles per second but this docu- 
will continue to use the more easily remembered cps . 



The pressure variations in the material conducting the sound have a 
direct relationship to the wave energy; measurements are often given in 
terms of effective pressure (mathematically the root mean square value ■ 
rms) in dynes per square centimeter (microbar). The intensity in watts 
per square centimeter varies as the square of the rms pressure. 



As with the other senses, the ear responds in a somewhat complicated 
fashion to auditory stimuli. In lighting, for instance, a given increase 
in level may be important at low intensities, but unnoticed at high 
intensities. Similarly, the significance of a change in sound intensity 
depends on the level at which it occurs. 



As a partial adjustment for this, sound level is normally designated on 
a logarithmic scale, the decibel (db). In these terms, an additive in- 
crease of 10 decibels designates an increase in sound power by a 
multiple of 10. 
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1 (Note; Sources of diagrams 
and illustrations are keyed 
to the list found on page 99) 



Because the decibel scale is a scale of multiples, there is a need to 
designate some base value as a beginning. By definition, 10 db repre- 
sents 10 times as much power as zero db, but this is meaningless, unless 
there is agreement on what is to be considered zero db. A number of 
years ago zero db was standardized at 10"16waffs/square centimeter, 
or 0.0002 microbar. This was selected as a close approximation to the 
minimum threshold of hearing at 1000 cps. 



The situation is further complicated by the fact that the ear is not 
equally sensitive to the various frequencies. In general terms, the 
ear is most sensitive between about 1000 cps and 5000 cps. These vari- 
ations give rise to a need for units which measure the response of the 
ear. The units of "phons"-and "sones" serve this purpose. 
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The phon is a measure of loudness le>^el; it is numerically equal to the 
sound pressure level in decibels of a 1000 cps reference tone judged 
to be equal in loudness to the sound to be evaluated. For example, 
a 100 cps tone at 50 db is to the ear equal in loudness to a 1000 cps 
tone at 20 db; therefore each is rated at 20 phons. At the threshold 
of hearing (zero phons) the intensity varies from about 38 db at 100 cps 
to about -8 db at 3000 cps. 




900 \ooo 

m ftr veoofvd 



10,000 



cuAvu 0 ^ zquaJi loudnt&6 [phoM] - alt points on one 

cu/ive vuXl se,m exiually loud 



The phon, however, does not produce a subjective uniform scale of 
increasing loudness. This is accomplished by a further conversion to 
g sone scale, designated as a unit of loudness, where 8 sones is twice 
os loud as 4 sones and 8 times as loud as one sone. 



We can now define the spectrum of sound of particular concern in acous- 
tical design^ In frequency, the ultimate limits are 20 cps and 20,000 
cps. Normal speech ranges from 100 cps to 7000 cps, with most of the 
power below 1000 cps. Orchestral music ranges from about 40 cps to 
15,000 cps. 
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In loudness, sounds which are barely audible have a designation of 
zero phons. As the level increases, the upper limits occur at about 
120 phons, where the energy is sufficient to feel the ear drum vibra- 
tions, and at 140 phons to cause pain. Conversation speech ranges 
from about 40 to 75 phons, and orchestra music from about 30 to 95 
phons. 




iftaqumcy-^ound tzMoJi va/Uatioyut extA.emc& and Kongu ^oH. 
<md mit6>c.c 



Some additional units involved in acoustical work are: 

absorption coefficien t - a measurement of the sound-absorptive 
capability of a material. It is a dimensionless decimal fraction 
which measures the percentage of incident sound which does not 
reflect from the material. 

noise-reduction coefficient - the average, to the nearest 0.05, of 
the sound-absorptive coefficients of a material at 250, 500, 1000, 
and 2000 cycles. 

gabin - a unit of total absorptivity, equal to the product of square 
feet of surface and the absorption coefficient. 
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BASIC PRINCIPLES 



reverberation time - the time required for a sound in an enclosure 
to decay to 1/1000 of its original pressure, corresponding to a 
drop in sound-pressure level of 60 decibels. 

The sound-survey meter is one of two measuring instruments likely to be 
employed in a not-too- technical analysis of noise levels in a school 
building. The meter is basically a device which indicates the level of 
noise in decibels. As a hand-held piece of equipment, it is quite small, 
light in weight, easy to use, and inexpensive. 

The sound-level meter is a similar basic device for sound measurement. 
This meter also reads in terms of decibels. These instruments provide 
a rough Cfdjustment for the variations of the sensitivity of the ear with 
frequencies corresponding to the intent of the "phon" and "sone” units. 
On an "A" scale setting the instrument response corresponds to the 
receptivity of the ear at a level of 40 phons; on the "B” setting it res- 
ponds to the ear's receptivity at about 70 phons. A "C" scale gives 
a flat response without adjustment for frequency. 




^ouiid ^u/Lvtij mete/L 6ound tzvtl meXoA 



Other more sophisticated devices which would be used in a more de- 
tailed survey of acoustical environment include on octaye-board noise 
analyzer, whjch is capable of analyzing noise having complex frequency 
components. Sound and vibration analyzer, impact noise analyzer, wave 
analyzer, and various types of noise recorders and generators are also 
available for detailed study requirements. 
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• OTHER CHARACTERISTICS OF SOUND 



There are some characteristics of sound which do not lend themselves to 
the scientific, analytical process. These characteristics are just as real 
as the precisely measureable characteristics mentioned earlier, but un- 
like them can be defined and predicted only on the basis of experience 
with similar or near-similar situations. Some of these qualities can be 
identified as: 



reflection at surfaces - it is important to note that sound waves 
will reflect off a surface at an angle equal to the angle of incidence. 
This assumes that the surface irregularities are smaller than the 
wavelength of the sound. Normally, a significant fraction of the 
sound energy is absorbed. However, at a grazing incidence, with 
a curved wall, sound will "creep" along the surface with very 
little loss. 



sound G/icep 
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diffuse reflection - if the surface irregularities are of the order of 
the wavelength of the sound, or somewhat larger, the sound will be 
scattered and tend to have a diffuse distribution through the space. 
This is beneficial in avoiding defects such as echoes and providing 
a uniform sound level. 

diffraction of sound throu gh openings and around barriers - we 
commonly conceive of sound waves as moving in line-*of-sight 
manner, leaving acoustical "shadows" behind barriers; however, 
sound waves also tend to spill around corners or move through open- 
ings and create an effect out of proportion to the size of the open- 
ing. This fact leads in part to a peculiarity of acoustical design: 
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control of sound or noise is only as good os the "weakest link" in the 
surrounding structural envelope. 

directionality - another characteristic of sound is its directional- 
ity. The human ear is reasonably capable of identifying the point 
of origin of a generated sound by the differences in sound to the two 
ears and by the changes in sound with distance caused by viscous 
losses in the air. 

focussing -still another characteristic is the focussing of sound 
waves. A domed ceiling or curved wall may act to reflect sound 
waves so that they converge at some point; a strong enough acous- 
tical reflection may be created that the energy waves become ex- 
cessively loud for a listener at that point. Such focussing is unde- 
sirable as it disturbs a uniformity of sound energy in a space. 




iocut^lng due. to A.oom 6kape. 
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masking - masking is defined technically os the amount by which the 
threshold of audibility of a sound is raised in the presence of another 
masking sound. Normally, masking is considered detrimental. How** 
ever, masking noise or sound can be used to conceal unwanted, dis- 
turbing sounds. There are many cases in which it is easier to conceal 
unwanted sounds in this manner than to use a barrier construction with 
high transmission-reduction coefficients. A good example of the use of 
"acoustical perfume", as it is sometimes called, is the use of low-level 
music in office buildings to mask the more irritating sounds of talking 
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or office machines; the same principle can be applied in some 
areas of school buildings. 

echoes - echoes are a commonly understood phenonemon of sound. 
A separately heard reflected sound which reaches the ear with a 
time difference from the original sound of 0.058 seconds , or more, 
or a difference in distance of 65 feet or more, will be heard as an 
echo. 
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human impairments - hearing impairments vary, of course, from 
person to person. It is not generally realized that a large pro- 
portion of the population does not have perfect hearing; most 
sensitivity losses are concentrated in high frequencies. In many 
cases, electronic techniques can be used to intensify sounds which 
an individual or group audience with defective hearing might 
otherwise lose. 

environmental conditions - these conditions, such as temperature, 
humidity, and wind, also have an effect on sound transmission. 
Although the variation in speed is not great, sound travels some- 
what faster in high temperature air. The effect of decreased hum- 
idity is to reduce somewhat the sound-transmitting capability of the 
energy waves in the air. Wind, which is the movement of masses 
of air molecules, can distort in a major way the wove front being 
transmitted through the air from some generating source. 




ACOUSTICS AND ARCHITECTURAL PROGRAMMING 

• PROGRAMMING - THE DEFINITION OF BUILDING REQUIREMENTS 

• PROGRAMMING CONSIDERATIONS FOR SOUND QUALITY, 

SPEECH AND NOISE CONTROL 

• REVERBERATION AND PROGRAMMING CONSIDERATIONS 




• SUMMARY 



® PROGRAMMING - THE DEFINITION OF BUILDING REQUIREMENTS 



There Is a step In school planning for which architects and administrators 
assume equal responsibility: the development of the building program. 
Simply put, the building program is a statement which translates the 
school's philosophy and goals into building requirements. It defines with 
words and diagrams the people and functions to be accommodated, the 
kinds of facilities needed, and their relationships to each other. 

Programming is a complex process. It involves many groups often with 
conflicting or parochial interests - teachers, staff, administrators, tax- 
payers, other "influential" groups and committees. It involves complex, 
often conflicting statements of goals, philosophy and policy. It involves 
complicated financial, political and administrative factors. It involves 
hard work and diplomacy. For these reasons programming is often forfeited 
in favor of arbitrary, or insufficiently considered, decisions. 

The building program should give the architect all basic necessary infor- 
mation about the building to be designed, it should include: 

• a clear statement of the institution's educational philosophy, 
and its significance for the proposed building. 
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• an analysis of how the building is to function. This in- 
cludes information about access, circulation, and overall 
servicing needs. 

• a description of how each of the spaces will relate to each 
other and to the building as a whole. 

• a schedule of every desired space in the building defining the 
types of users, number of users, functions to be housed, re- 
quired square footages, necessary furniture, required equip- 
ment, supporting functions and all special requirements. 



To be complete the school building program should also include desired 
environmental performance levels for the plant generally, and for special 
spaces specifically. For instance in defining the thermal environment, 
the program should spell out desired ranges for temperature and humidity 
for the school generally, and even more specific requirements for audi- 
toriums, lecture rooms, gymnasiums, cafeterias, and dressing rooms. Like 
wise the visual environment would be defined by prescribing desired lev- 
els and quality of light for various tasks. 



Following this approach the desired acoustical environment should also 
be defined in the building program. These considerations will relate to 
the site, to the building generally, and to various spaces specifically. 
For instance, the building program would: 



• describe sources of off-site noise, such as highways or com- 
mercial areas, and prescribe acceptable noise levels within the 
school building. In his design, the architect must see that the 
off-site noise is controlled and reduced by appropriate sound 
barriers. 

• note noise-producing activities which must be accommodated 
on the site and the problems of location for acoustical com- 
patibility. 

• define acceptable noise levels for corridors, lobbies, and 
other circulation areas. 

• describe the kinds of functions an auditorium will be expected 
to house - lectures, motion pictures, plays, choral music. 
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insirumental music, or whatever - and therefore the acousti- 
cal characteristics it must exhibit. 

• note classroom uses of instructional aids and media - films, 
records, television - and the accompanying acoustical plan- 
ning considerations. 

• define acoustical qualities for general classrooms in terms of 
allowable ambient noise and desirable reverberation time. 
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All Such acoustical concerns should be considered at one stage or another 
in the design process. However, the programming phase is the time to 
define desired levels of acoustical performance, levels of performance 
which must be met subsequently during design. 
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PROGRAMMING CONSIDERATIONS FOR SOUND QUALITY, SPEECH 
AND NOISE CONTROL 

The quality of sound within a space is established by the various frequen*- 
cies and the intensity and duration of these frequencies which go to make 
up a sound. In only a few cases is a single frequency heard by itself; a 
whistle produced by a person is approximately a pure, single frequency. 
The difference in character or quality of various musical instruments, all 
sounding the same note, is determined by the combination of frequencies 
- harmonics and overtones - which are characteristic of the resonant 
qualities of the instrument. The ear receives the various frequencies, and 
the variations and combinations of frequencies then become, to the lis- 
tener, an interpretation of quality. 



The quality of sound in a room is determined by what happens to the var- 
ious frequencies in their paths of travel from the source to the ear of the 
listener. It is inevitable that they will be changed, and generally the 
interpretation is that they have been improved. An illustration of this is 
that music is generally considered to sound better in an enclosure than it 
does out-of-doors. 



There are three basic ways by which a sound is changed. The first, of 
importance only in large spaces, is the selective absorption of frequen- 
cies by the air. Below frequencies of 1000 cps, air absorption is 
small, but for high frequencies with low relative humidity, the absorp- 
tion over a long distance can be appreciable and will distort the nature 
of the sound. 



The second is the selective absorption of frequencies by the surfaces of a 
room. Every reflective and absorptive material effects frequency, but 
most porous absorbers, such as common acoustical tiles, are much more 
absorptive at high frequencies than at low. Such absorption further effects 
the quality of sound coming to a listener. 



The third, even more subtle and pervasive, is the effect of the resonant 
characteristics of the elastic volume of air which forms the room. As 
with any elastic body, this volume has certain natural resonant modes. 

If this elastic volume is activated by the introduction of sound into the 
room, it will respond in a selective manner such that the resonant frequen- 
cies will be emphasized and the quality of the sound will be, in part. 
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produced by the volume of the room itself. Unfortunately, this aspect of 
room acoustics is extremely complex, and, in the present state of the 
art, is not subject to analytical treatment. Some work is being done 
in this area with acoustical models. 



Program specifics on selective absorption by air and by room surfaces 
are taken care of by reverberation time computations and the recom*" 
mended reverberation times for different frequencies. These are dis- 
cussed in a later section. 



Separate from the quality of sound is the specific ability to understand 
speech - a major activity in the functioning of a school. 



The nature of speech is that of a succession of widely differing sounds, 
interspersed with pauses and modified by accents and inflections. 
Roughly, but not exactly, the individual sounds correspond to sylla- 
bles. In some cases, a changing sound is inherent in the sound itself 
such as "oi" in "noise"; other kinds of sound include, for example, the 
hissing noise of an "s", the explosive sound of a final "t", and the sus- 
tained sound of vowels such as "a". 




The various speech sounds are of widely different power and frequency. 
In general, vowels and voiced consonants - sounds which require the 
vocal cords and are sustained - have much greater power than sounds 
made solely by air forced between th© lips and teeth, such as s and 
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"t". Also, voiced sounds ore of much lower frequency than those formed 
only with lips and teeth. The management of these variables is import- 
ant in designing for speech communication. Fortunately, absolutely 
perfect syllable identification is not necessary for satisfactory communi- 
cation; all sounds need not be heard in order to convey meaning. In gen- 
eral a person uses sensory stimuli to come to conclusions even though the 
information is incomplete. Just as one does not need to see the doorknob 
to conclude that a distant object is a building, so a student does not need 
to hear every speech sound to draw meaning from things said by a teacher. 



The capability of a room to transmit clearly individual sounds is measur- 
ed by Percentage Syllable Articulation. I^amination of this room char- 
acteristic requires that meaning be eliminated from the testing process, 
in order to eliminate ”fill-in” identification from context. Rather, a 
room is rated in terms of whether or not specific sounds are heard; the pro- 
cess consists of a speaker reading meaningless syllables from a series of 
standard test sounds, so distributed that each occurs with approximately 
the regularity involved in normal speech. Listeners in the room being 
tested determine whether or not they have detected the individual sounds. 
The sounds are separated into vowel and consonant types, and the results 
of these tests are considered in the following formula: 

PA = 100 jl - (1 - VwCw* )® ’l 

PA = Percentage Syllable Articulation 

Vw = Fraction of vowels correctly heard 

Cw = Fraction of designated consonants correctly heard. 



The test imposes on sounds the reverberant characteristics of the room, and 
different speakers and listeners are used to average the results. This be- 
comes a reasonable measure of the speech-quality of the space, and leads 
to the acoustical rating of its design. 



However, there is a special problem in designing schools where some 
speech originates with children who may have weak voices and may 
pronounce and enunciate poorly. Teachers should, and usually do, de- 
velop an ability to speak effectively and with adequate volume. Some- 
times there are acoustical weaknesses in a room which teachers are in the 
best position to understand and to correct. 
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Reverberation, for example, can be controlled by the selection of fur- 
nishings; chairs, desks, rugs, bookcases and draperies can have a reauc- 
ing effect on reverberation time. Significantly, all are subject to change 
by school administrators. It seems reasonable that the significance of 
acoustics should lead administrators to assigning rooms for specific pur- 
poses and to plan the furnishing of these rooms partly in terms of creating 
most advantageous acoustics. In remodeling old schools, acoustical prob- 
lems may be solved more effectively by furnishings, than by permanent 
construction changes. 



Program specifics affecting speech communication have to do with 
reverberation time and the shape of the space and the location of 
absorptive and reflective materials. 



Reverberant sound acts as reinforcement for weakness in the power of 
direct sound, but an excessive delay in reverberant sound paths tends 
to jumble and mask the individual sounds. The shape of the space and 
a proper location of reflecting surfaces are vital in distributing speech 
sounds adequately to an audience. More detail on each of these factors 
is provided in later sections. 



The effect of noise is a major consideration when programming educa- 
tional facilities. Noise confuses and masks speech sound and causes 
major harm to any musical program. It can be an annoyance and detri- 
ment to study and concentration. 



When noise and speech reach the ear at the same time, the ear drum 
and the hearing mechanism must respond to both, and the brain must 
sort out the meaningful sound from the noise. Considering the con- 
glomeration of sounds that continually come to the ear, this process of 
concentrating on wanted sounds is amazingly efficient. It does have ^ 
limitations, however, particularly for the critical listening involved in 
the educational process. 



Contrary to the common view, noise has beneficial as well as detrimen- 
tal effects. Disturbance and distraction from noise are more a result of 
the nature of the noise than of its level, assuming it is within some 
reasonable range, and the deliberate use of a bland, constant noise 
can be a benefit in concealing an intermittent and distracting noise. 
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In an unusually quiet environment, otherwise unnoticed sounds such as 
electric switch operation, plumbing noises, fluorescent ballast hum, and 
the sounds of a typewriter force themselves on one's attention. In an 
area near a dividing partition, the sounds from an adjacent classroom 
will distract a student's attention. The simplest solution may not be an 
increased value to the barrier against intruding noise, but the provision 
of a masking, non-information-carrying, and therefore non-distractmg, 
background noise. 



Connected with this idea is the factor that a speaker - a teacher - 
adjusts his voice level to what he, more or less unconsciously, senses 
is necessary in order to be heard. A background noise used to mask and 
conceal intermittent noise will be, in part at least, counteracted by an 
increase in the level of wanted sound. 



For this reason the room arrangement should locate the speaker near 
any source of noise, and it would be an advantage to have teachers 
"back-to-back" on the two sides of a dividing partition. In this way 
one could avoid having students in the back of a room, where the 
teacher's voice level may be low, hear and be disturbed by a teacher 
conducting a class immediately on the other side of a relatively poor 
dividing partition. 



Program requirements must take into account the variable effects of 
noise frequencies. An approximation is provided by designating maxi- 
mum levels in terms of the "A" scale readings of a sound level meter. 



A more precise method uses Noise Criterion Curves (NC) or the NCA 
modification vrhich designates maximum acceptable levels. The per- 
missible levels differ with frequency, but, significantly, tend to indi- 
cate minimums as well as maximums. In other words, the background 
noise should not be above these levels at the various frequencies, nor, 
to adequately mask distracting sounds, should they be substantially 
below these values. Often, the selection of grilles or other aii-hand- 
ling apparatus can be used to provide this background "acoustical per- 
fume". An excellent discussion of the design procedure is contained 
isi the Oiiide and Data Book of the American Society of Heating, Refri- 
geration and Air-Conditioning Engineers. 
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